Background. Vitamin A deficiency remains a public health problem in Burkina Faso and elsewhere in the developing world. Dietary diversification is a promising strategy that needs to be explored to strengthen the country's ongoing supplementation program.
Introduction
Vitamin A deficiency is a public health problem of great importance in Burkina Faso. The National Plan of Action for Nutrition, on the basis of data from several local surveys, reported a prevalence of night-blindness of 1% to 5% among children under five years old [1] . Recently, serum retinol levels below 0.7 µmol/L were found in 85% of preschool children and 65% of their mothers in the department of Kaya [2] . The strategies at the national level to combat vitamin A deficiency mainly involve periodic distribution of high-dose vitamin A capsules twice a year to children six months to five years old, with strong external support. Unfortunately, less emphasis has been placed on dietary approaches to preventing and controlling vitamin A deficiency.
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Constance P. Nana, Inge D. Brouwer, Noel-Marie Zagré, Frans J. Kok, and Alfred S. Traoré the choice of strategies for combating vitamin A deficiency in Burkina Faso revealed that lack of awareness of the importance of food diversification strategies on the part of decision makers, combined with lack of evidence of effectiveness of food-based interventions and the low interest of donors in food diversification, appeared to be the main limiting factors in the development of dietary diversification strategies [3] . However, food-based approaches have a real potential to prevent and alleviate vitamin A deficiency in a sustainable way [4] . Controlled trials using green leafy vegetables, fruits, and/or yellow sweet potatoes, with or without fat supplementation or deworming, were effective in improving the vitamin A status of children [5] [6] [7] [8] [9] [10] . A pilot study conducted in north-central Burkina Faso on the promotion of red palm oil as a source of vitamin A for mothers and children was effective in improving the serum retinol status of the targeted group [2] . Moreover, the impact evaluation of this pilot study showed that it is possible and feasible to introduce a new food into existing dietary patterns through sufficiently persuasive approaches, taking into account the availability of the product and its affordability and acceptability to the population [11] .
In Burkina Faso a wide variety of green leafy vegetables, fruits, and animal products rich in (pro)vitamin A are available. However, their utilization in child-feeding practices in rural areas is not well documented. A careful understanding of patterns of dietary nutrient intake and their determinants is essential [12] . Vitamin A intake is one of the most difficult values to estimate in a precise manner at the individual level, given the high day-to-day variability in the consumption of (pro)vitamin A-rich food [13] . However, at the group level, the use of 24-hour recall may provide a reliable estimate of dietary vitamin A intake in preschool children [14] . This study was designed to investigate the availability of (pro)vitamin A-rich foods and the patterns of consumption of these foods by preschool children in two seasons, and to identify factors that may facilitate or constrain their adequate incorporation into child-feeding practices.
Methods

Study design
The research protocol consisted of a focused food ethnographic study combining anthropological and nutritional methods [15] . The study was carried out in two survey rounds, one during the rainy season (July to August) and the other during the dry season (March to April). At each round, data were collected in three phases with both qualitative and quantitative tools. The first phase was focused on determining the availability of (pro)vitamin A-rich food in the study area. The second phase studied the food consumption of preschool children, with special emphasis on (pro)vitamin A-rich foods. The third phase investigated the constraints on consumption of (pro)vitamin A-rich food by preschool children.
Study area and subjects
The research was conducted in the department of Kokologho in rural west-central Burkina Faso. Sector 4, the smallest administrative unit (comparable to a village) in the setting, which was composed of three communities, was selected for this study because a previous food consumption study indicated that people in this sector were at risk for vitamin A deficiency due to a low consumption of vitamin A.* The study population included children aged six months to three years and their caretakers; this age group was targeted because this stage of development is considered to be the most critical with respect to mortality and nutrient deficiencies [16, 17] . At the beginning of the study, an exhaustive census of households from sector 4 was conducted by local fieldworkers. Thirty-five households with a child in the age range from six months to three years were randomly selected from the household census list. A total of 65 mother-child pairs (34 in the rainy season and 31 in the dry season) successfully completed the study. This sample size is considered adequate for generating valid socioethnographic data because of high concordance in food culture [18] .
Food availability
The availability of (pro)vitamin A-rich food was assessed by key informant interviews, a market survey, and observation in fields and gardens in both seasons. The free listing technique [15] was used to gather information about food availability in the community. This is done by asking key informants to list all foods available in the community and their seasonal availability. The market survey provided information on the availability and stability of food in the local market and stores. Observations in fields and gardens were conducted with collection of herbarium specimens of wild green leafy vegetables for further identification by a botanist. This resulted in a list of key foods rich in (pro)vitamin A, which were selected on the basis of information from food-composition tables [19] [20] [21] [22] [23] .
Anthropometric measurements
The age of the child was determined from the birth certificate or health record; in the absence of these, a calendar of local events was used to determine the age of the child as accurately as possible. Height and weight were measured by standard methods [24] . Height was measured to the nearest 0.1 cm with a conventional wooden height board. Weight was measured to the nearest 0.05 kg on a digital display scale (Soehnle, Murrhardt, Germany), which was calibrated with test weights before each weighing session. The subjects wore a minimum of clothing and no shoes. Weight and height measurements were compared with those of the National Center for Health Statistics (NCHS) reference population [25] and converted to age-and sex-standardized z scores with NutStat software. Wasting, stunting, and underweight are defined by z scores below -2 SD for weight-for-height (WHZ), height-forage (HAZ), and weight-for-age (WAZ), respectively.
Nutrient intake
A repeated 24-hour recall [14] was used to estimate the nutrient intake of each child on one market day and two nonmarket days. The mothers were asked to report all foods and dishes consumed by their children on the previous day. They were also asked to report the exact amount of all foods and ingredients of dishes consumed by showing the bowl used and to indicate the volume of the ingredients by using water (which was weighed) to estimate the volume or by indicating the price of the amount consumed. For foods or dishes bought at the market, recipes were collected from the vendors, and the amounts of ingredients were estimated from the prices of the ingredients. The conversion factors from volume or price to weight were determined afterwards. The percentage of foods consumed by the child was calculated from the volume of the total dish and the portion consumed by the child (estimated by the water method). The amount of all foods consumed by the child was converted into energy, protein, and vitamin A intake on the basis of information from the food-composition table of Mali [19] completed with information from other sources [20] [21] [22] [23] . The recent conversion factors recommended by the International Vitamin A Consultation Group (IVACG) [26] for retinol activity equivalent (RAE) were used. The weekly frequency of consumption of (pro)vitamin A-rich foods was assessed with a nonquantitative food frequency questionnaire developed by Helen Keller International [27] .
Dietary diversity
A dietary diversity score was created based on data from the repeated 24-hour recall. The dietary diversity score was defined as the number of food groups consumed by each child during the registration period. Foods and food groups were regrouped and summed into a seven-point dietary diversity score [28] according to the following seven food groups: starchy staples (grains, roots, and tubers); legumes; dairy (milk other than breastmilk, cheese, and yogurt); meat, poultry, fish, and eggs; vitamin A-rich fruits and vegetables (pumpkin, red and yellow yams and squash, carrots and red sweet potatoes, green leafy vegetables, and fruits such as mango, papaw, or other local vitamin A-rich fruits); other fruits and vegetables (or fruit juice); and foods containing oil, fat, or butter.
Children received a score of 1 if they consumed a particular food group during the registration period. So, for example, if a child consumes rice, he or she would receive a score of 1 for the category "starchy staples." If the child consumes beans, he or she receives a score of 1 for "legumes," and so forth. Maximum score in this scheme is 7 (for all seven groups) and minimum score is 0 (for no foods consumed). On the basis of cutoff points defined by Arimond and Ruel [28] , children who consumed foods from zero to two food groups were classified as having low-diversity diets; those who consumed foods from three or four groups were classified as having middle-diversity diets; and those who consumed foods from five to seven groups were classified as having high-diversity diets.
Food attributes and constraints on key food consumption
A semistructured questionnaire was used to collect information on food attributes. The key informants included mothers and caretakers, who were asked to describe the perceived attributes or characteristics associated with individual foods. The pile-sorting technique, using pictures of individual foods [15] , was used to study the relationship among key foods. The respondents were asked to sort the foods that belonged together according to any criteria that made sense to them and to explain the reasons for the grouping. Social and cultural beliefs, as well as economic constraints on key food consumption, were explored in four focus group discussions, with each group composed of six to eight women.
Data analysis
The distribution of each variable was examined, and implausible values were identified and excluded from the analysis. In the absence of significant differences in nutrient intake between market and nonmarket days, the nutrient intake was calculated as the average intake on the three days recorded. The nutrient intake was compared with the estimated average requirement (EAR) from the World Health Organization/Food and Agriculture Organization (WHO/FAO) [29, 30] , which assumes normal breastmilk intake for the study age group. The results are presented as means ± SD (weight-for-height, height-for-age, and weight-forage z scores; nutrient intake; nutrient adequacy ratio; dietary diversity score; number of meals consumed per day; consumption of key foods) or percentages (z score below -2 SD for weight-for-height, height-for-age, and weight-for-age; children with low, middle, and high dietary diversity score). The Mann-Whitney test was used to test differences between the two seasons in nutrient intake, and the independent t-test was used to compare differences in dietary diversity scores. The results from the semistructured interviews, pile-sorting test, and focus group discussions were sorted according to key food. For each key food, information from all three methods was combined and analyzed. All data analysis was performed with SPSS 11.0 for Windows, version 11.0 [31] . Table 1 summarizes the characteristics of the study population. The average age of the children studied was about 20 months. Overall, the proportion of children classified as malnourished according to each of the three measures of malnutrition was high; 39%, 32%, and 50%, respectively, were classified as stunted, wasted, and underweight in the dry season, compared with 32%, 29%, and 39% in the rainy season.
Results
Sixty-five percent of the children were still being breastfed. The daily frequency of meal consumption was 3.3 ± 0.1 in the dry season and 3.5 ± 0.1 in the rainy season (table 2). In the dry and rainy seasons, 95% and 98% of children, respectively, consumed breakfast, 91% and 95% consumed lunch, 88% and 92% consumed dinner, and 22.5% and 38.5%, consumed at least one snack. The main meals consisted of tô and gruel for breakfast, tô and rice for lunch, and tô for dinner. Tô is the staple dish in Burkina Faso, consisting of a cereal-based thick porridge consumed with various sauces. Most of the children consumed mango and shea fruit (Vitellaria paradoxa) as snacks, depending on the season. The mean dietary diversity score was higher in the rainy season (3.2 ± 0.6) than in the dry season (2.9 ± 0.6); most of the children were classified as having a medium dietary diversity score (73.7% in the dry season and 90.9% in the rainy season), and none had a high dietary diversity score. Daily energy intake (403 ± 227 and 565 ± 324 kcal in the dry and rainy seasons, respectively) and vitamin A intake (105.2 ± 151.8 and 72.2 ± 62.6 µg RAE, respectively) represented a nutritional adequacy ratio (the ratio of a subject's intake to the current recommended allowance for the subject's sex and age category) of 36% and 48%, respectively, for daily energy and 26% and 19%, respectively, for vitamin A intake, whereas protein intake was above the EAR in both seasons (table 2). Fat intake was 7.0 ± 6.5 g in the dry season and 9.8 ± 9.5 g in the rainy season.
(Pro)vitamin A-rich foods identified in the community included three animal products (liver, eggs, and cow's milk), two fruits (mango and papaya), one tuber (yellow-fleshed sweet potato), and nine green leafy vegetables (table 3) . Few children consumed animal products; 12.5% and 21% consumed liver, 3% and 0% consumed egg, and 0% and 21% consumed cow's milk, in the dry and rainy seasons, respectively, and none of these was consumed more than twice a week. The mean portion size consumed was 10.8 g, 25 g, and 100 ml for liver, eggs, and cow's milk, respectively, Food sources of (pro)vitamin A and the contribution of the portion consumed to the EAR of vitamin A was 22%, 11%, and 7%, respectively. Mango was consumed by more children than papaya (72% and 6%, respectively), and none of the children consumed yellow-fleshed sweet potatoes. The weekly frequency of consumption was five for mango and one for papaya, with a mean portion size of 147.5 g and 125 g, respectively, and a contribution to the EAR of 56% and 8%, respectively. Amaranthus and arzentiga leaves were consumed by 24% and 27% of the children, respectively; bean and boulvaka leaves by 42% and 49%, respectively; and more than 50% of the children consumed boundo, sorrel, or baobab leaves. Okra was the most frequently consumed vegetable by all children.
The weekly frequency of consumption was 2 to 3.8 for amaranthus, arzentiga, bean, boulvaka leaves, and boundo leaves, 4 to 5 for baobab and sorrel leaves, and 9 for okra. The characteristics of the (pro)vitamin A-rich key foods can be divided into health-related perceptions, availability and accessibility issues, and beliefs related to consumption and preparation. All selected (pro)vitamin A-rich foods were believed to provide health and strength and were perceived as vitamin-rich foods. In addition, all animal foods, fruits, yellowfleshed sweet potato, and okra were seen as "bloodrich" foods by the local population, which meant that these foods were believed to provide blood when consumed.
Liver and sun-dried leafy vegetables were available year-round, whereas eggs, milk, fruits, yellow-fleshed sweet potato, and fresh vegetables were seasonal. Eggs were mostly used for breeding or sold to generate cash, whereas liver, especially hare liver, was given to persons suffering from night-blindness. Amaranthus leaves were grown mainly for sale and were hardly consumed because of lack of knowledge of how to prepare them. Animal foods and papaya were considered costly foods, whereas mango and okra were perceived as cheap foods. Animal products and papaya were considered suitable as food for children. Liver, eggs, and yellowfleshed sweet potatoes could be prepared with oil. In addition, yellow-fleshed sweet potatoes were consumed either raw or boiled, but according to local culture they should not be eaten every day by children because they were believed to cause stomach problems. Mango and bean leaves were considered to "fill the stomach." Boundo leaves were perceived as easy to digest because they are slippery; yellow sorrel flowers had a particular acid taste; and okra was considered easy to cook.
Discussion
The dietary pattern of our study population is characterized by poor diversity and low volume of food intake, resulting in inadequate intake of energy and vitamin A, which is reflected in the high level of malnutrition in children aged six months to three years in the study area. The Demographic and Health Survey in 2003 reported comparable high rates of wasting, stunting, and underweight for this age group [32] . The low quality of the diet in terms of both insufficient nutrient supply and low diversity is typical of the food-consumption patterns in West Africa [33] . Hence, for any intervention strategy aimed at reducing vitamin A deficiency in the study area, the intake of energy should be properly addressed at the same time [3] . The protein intake of the subjects of our study appeared to be higher than the EAR because of the children's consumption of beans and the utilization of a protein-rich condiment called "soumbala," which is obtained from fermentation of the seeds of Parkia biglobosa in the preparation of the sauce for tô; however, this protein comes mainly from vegetable sources, and it remains important to encourage the consumption of animal protein.
This study indicated that (pro)vitamin A-rich foods are available in the study community but are not consumed, or are consumed by few children in low amounts and/or at low frequencies. The main constraining factors identified are related to financial accessibility, seasonal availability, and beliefs about consumption and preparation. However, the study showed that the study population associated all identified (pro)vitamin A-rich foods with positive attributes such as health, strength, and vitamin richness. An important positive empirical practice is the use of liver to treat night-blindness. These positive associations may offer an entry point for interventions aimed at improving vitamin A intake in the community.
Evaluating the dietary practices of a group targeted for vitamin A intervention programs before promoting natural food sources rich in vitamin A is of great importance, given the significance of both intercultural and intracultural diversity with respect to dietary inclusions and exclusions [34] . Moreover, every cultural setting maintains concepts about the classification and attributes of foods, which in turn affect decisionmaking about food selection, preparation, serving, and consumption [35] ; such attributes could affect the failure or success of dietary intervention.
On the basis of the findings of this study, the most suitable (pro)vitamin A-rich foods to be promoted in a dietary diversity intervention to increase vitamin A intake could be liver and mango because of their important contribution to vitamin A intake and perceived positive attributes such as health, strength, good source of vitamins and blood fortification. However, it appears that the financial issue is the main limiting factor for liver consumption and that seasonal availability affects the consumption of mango.
To be effective, nutrition education programs should be built on the basis of a good understanding of the Easy to cook, low cost cultural context, feeding practices, and constraints [36] . Given that liver is the single best source of vitamin A, is available year-round, and is culturally acceptable for children in the study area, an intervention program might act to promote weekly consumption of one portion of liver by children in the community and place emphasis on increasing the number of children who consume liver, at least on a weekly basis. A successful experience in behavioral change communication strategy in Niger reported an improvement in liver consumption [37] . Therefore, the current thinking that it is difficult to increase the consumption of animal-source food in developing countries could shift to one that allows better management of the situation [38] through, for example, a persuasive approach. A pilot project conducted in Burkina Faso on the promotion of red palm oil demonstrated that it is possible to introduce a new food, to raise awareness of its importance, and to increase its consumption if a sufficiently persuasive approach is used [2, 11, 39] . Mango is the second promising food for the reduction of vitamin A deficiency in the community. As an important source of (pro)vitamin A, mango could contribute effectively to improving the intake of vitamin A in the study area during the period of availability if adequate amounts were consumed. An intervention program should stress increasing the portion size and frequency of mango consumption by children. Promoting the consumption of mango, taking into account factors that enhance (pro)vitamin A absorption (e.g., consumption of fat and controlling parasite infection) [9] , will be effective in controlling vitamin A deficiency in rural areas.
Future studies may consider the development of a simple technique at the community level, based on earlier studies [9, 40] , to process mango and vegetables for year-round availability. In our study community, an intervention program focused on green leafy vegetables will be unlikely to reduce vitamin A deficiency, not only because of the low bioavailability of plant-based vitamin A [41] , but also because many children already consume vegetables on a regular basis, and the portion sizes cannot readily be increased because of their bulk. However, it should be kept in mind that vegetables and fruits remain the main source of vitamin A in developing countries, and given the positive health effects of vegetables [42] , their consumption should be encouraged. It is important to recognize that dietary approaches may need to be complemented by additional approaches to maximize their effectiveness [43] , and that increased consumption of vitamin A-rich foods may make a significant contribution to existing programs. A study by Grubesic [44] showed that increasing the consumption of vitamin A-rich foods by children who were also receiving supplementary vitamin A might provide better protection from malnutrition and vitamin A deficiency. Therefore, implementation of dietary programs should go hand in hand with supplementation.
This study showed that dietary approaches need to be investigated in a more systematic way in Burkina Faso and in other developing countries, with the objective of identifying all possible limiting factors, because the selection and consumption of vitamin A-rich foods appear to be highly situation-specific [34] . We therefore present a methodologic flow chart in table 4 that   TABLE 4 . Methodologic flow chart for study of vitamin A deficiency and related factors Phase 1: Availability of (pro)vitamin A rich foods Is vitamin A deficiency related to production, availability, and seasonality of vitamin A-rich food? » Background information on ongoing programs in food and nutrition in the study area and identification of key informants » Interview of key informants » Market survey (at onset and end of the study, visit in garden and in the field) » Identification of key foods outlines such an approach. The procedures in the protocol could be compared to that described by Kuhnlein [45] , with some variants. Field visits are an important aspect of this approach, which allows the collection and identification of indigenous green leafy vegetables that might not be available in the market. In addition, the present protocol suggests in-depth exploration and identification of all possible constraints and barriers that limit the consumption of vitamin A-rich food by children. Finally, the investigation of local practices in the treatment of night-blindness might help to identify positive practices that could constitute an entry point for designing and implementing effective dietary interventions to combat vitamin A deficiency.
